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INTitOJUJTION 


It  is  not  unusual  for  6ofi'.r  stations  to  receive  signals  froia  sources  other 
than  oofar  bombs,  and  it  is  weil-knoiirn  that  soiuc  of  these  signals  arise  from 
selsMlc  dlsturbu^es.  Xiic  purpose  of  this  uemorunduLi  i^not  to  discuss  all  of 
tl«e  signal  > iceceived  at^iSofar  stations  iihiT  knoiirn  or  believed  to  be  due  to  scis.iic 
events,  but  ratlio^Ho  present  the  data  on  signals  frorn  three  recent  disturbances 
which  liad  somewhat  ujiique  features.  Xhe'iC  three  events  were  tlr)'  the  September 
1952  eruption  of  i^iyojin  >^f«  s marine  volcano  located  approxiiaately  200  nautical 
miles  south  of  Tokyo;  (■gjKthe  Tulare  Valley  earthquake  21  July  1952,  and  an 
earthquake  of  similar  magnitude  wliich  occurred  off  tiie  coast  of  uregon  on  20  August 
1952. ^ A detailed  report  of  tlie  Myojin  eruption,  which  will  contain  data  drawn  from 
visual' Qbservations  and  tsunoiai  recorders  as  well  as  from  the  Sofar  'tatlons,  is 
I'eing  pr^ared  by  Dr.  d.  5.  Jietz  and  the  author.  The  present  meinoranduu  is  cong- 
ee med  entirely  with  the  Sofar  ddta. 

TUG  MYOJIN  lUOJ’  hdUPTEOiN.  ocptcMber  1952 

v>n  the  18th  of  .September  1952  tiie  U.  S.  Navy  Sofar  Stations  at  Point  Sur 
and  Point  Arena  on  the  coast  of  California  received  a series  of  signals  of 
high  intensity  and  particularly  long  duration.  They  were  not  received  at  the 
Kaneohe  station,  and  consequently  only  a line  of  position  for  the  source  could 
l>e  obtained.  This  line  passed  across  the  northern  Pacific  Ocean  and  through  a 
point  about  200  nautical  ndlcs  south  of  Tokyo.  Since  the  Kaneohe  station  had 
not  received  the  signals,  it  was  evident  tiiat  the  source  had  been  somewhere  west 
of  the  ISOtli  meridian. 

A few  days  later  it  was  learned  frotn  Lt.  G.  Flickinger,  Officer-in-charge 
dt  the  Point  our  station,  tliat  the  signals  liad  sounded  like  a series  of  closely- 
spacod  distant  explosions,  and  that  siiallar  signals,  although  of  lower  intensity 
and  shorter  duration,  were  still  being  received*  oince  nothing  like  these  par- 
ticularly largo  signals  iiad  ever  been  recorded  at  the  oofar  stations  before,  we 
could  only  hazard  guesses  and  start  making  official  inquiries  as  to  tlie  source 
of  them,  uithin  a few  days,  however,  press  release.**  n<'or':v*-lon  that 

a Japanese  fishing  beat  had  observed  a new  marine  volcano  in  eriiption  about  200 
miles  south  of  Japan  on  17  September,  it  was  evident  that  tills  volcano  was  the 
source  of  the  unusual  signals.  Tiiis  is  believed  to  be  the  first  time  any  signals 
received  at  iofar  stations  iiave  been  identified  as  being  of  volcanic  origin. 

Oecauso  of  his  interest  in  seisuilc  phenomena,  tlie  signals  were  brouglit  to 
the  attention  of  Dr.  U.  5.  Dietz,  Ni'X  oceanographer,  wlio  wrote  to  Dr.  K.  auda. 

Chief  of  the  Japanese  itydrographlc  office,  to  get  more  detailed  Inforuiation  on 
the  location  of  the  volcano  and  on  ai^  observed  eruption  times.  Later  press  .. 

stories  carried  further  information  about  the  event,  along  with  the  news  that  

the  Japanese  hydrographic  aurvey  diiip  No.  5,  the  Kaiyo  Maru,  had  been  lost  trith/titi  iNitN  p.f 
all  liands  aboard  while  on  a trip  to  observe  tlie  phenomenon.  Life  ‘'lagasino  ' 

13  *^ctober  carried  a pictorial  story  of  the  activity. 


Or.  duda  kindly  replied  to  Dietz's  letter  giving  the  location  of  the 
volcano  as  Jl°56.7'N,  140^. 5'G,  and  nai;ilng  it  "Myojin  iieef”  in  recognition 
of  tlic  Japanese  fishing  boat  wiiich  had  first  sighted  the  eruptions  on  17 
September.  Hr  also  enclosed  a Japanese  press  release  which  mentioned  that 
the  Raiyo  Maru  iiad  secured  radio  cannunlcation  at  8 p.ia.  Tdcyo  time  on  the 
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23ni,  and  imd  not  been  hoard  from  thereafter.  Since  dead  reckoning  would 
place  the  sltip  at  the  scene  about  neon  on  the  24tii,  Dr.  Suda  believed  that 
the  cnq)tion  vdiich  took  the  lives  of  the  31  raen.  Including  Drs.  li.  Tayaua  and 
T.  Itekamiya,  leading  Japanese  oceanographers,  must  have  occurred  shortly 
tlioroaftor, 

Ur«  J)ietz  and  the  autlior  luade  a detailed  survey  of  the  Sofar  data  in  an 
atteapt  to  fix  the  beginniiig  and  end  of  tiie  activity,  to  dotcnolne  the  time  of 
' the  fatal  eruption,  and  In  general  to  get  an  Idea  of  tl»e  life  idatory  of  such 
an  event,  before  going  into  this  discussion,  however,  it  way  be  wortlmhile 
to  digress  for  a mooiont  in  order  to  describe  sente  features  of  a sofur  installa-- 
tion  for  the  benefit  of  those  utifaiaillar  with  tiie  subject, 

A Pacific  dofar  installation  consists  basically  of  a group  of  crystal  liydro> 
pliooes  mounted  in  « stainless-steel  cage  and  situated  on  tiie  ocean  floor  at  a 
depth  of  350  to  400  fathoms.  Several  miles  of  U.  a.  «uvy  lype  U5P  submarine 
cable  are  used  to  cmmect  the  iiydropiiones  to  uncording  equipment  on  shore.  At 
^ cable,  tlie  incoroing  signals  are  amplified,  passed  through 

a 500  cps  lovpass  filter,  rectified,  logaritiwiically  compressed,  and  then  recorded 
as  power  levels  on  a large  sheet  of  paper  mounted  on  a revolving  dnia.  A timing 
trace  is  recorded  adjacent  to  the  siipuil  trace  and  calibrated  daily  against 
^ficial  radio  time  signals  in  order  to  make  possible  the  accurate  deteroination 
of  signal  jirrlvnl  tines,  on  the  reproductions  of  recordings  in  tills  liieuorandun 
the  timing  trace  appears  beneath  tl«  signal  trace,  end  tlie  tjiiiwg  marks  are  one 
second  apart,  bacli  horizontal  trace  on  the  recordings  follows  tiie  preoeoding  one 
by  slightly  more  than  7 uilnutos,  Ihe  signals  are  also  routed  to  a loudspeaker 
,•  for  purposes  of  aural  monitoring. 

Ihc  trunsoisslim  of  underwater  explosive  signals  over  long  ia 

. made  possible  by  the  nature  of  tlie  vertical  sound  velocity  distribution  in 
the  deep  ocean.  Tlie  velocity  decreases  witii  deptli  until  a . .lnliau.i  value 
is  reached  (at  a depth  of  approxiinetoJy  400  fathoms  in  the  mid-latitude 
regions  of  the  Pacific),  and  tiien  increases  witli  depth  frou  tills  point  to  the 
bottom,  Tliis  voloci^  struotnre  results  in  the  <>ouud  energy  being  refractwif 
in  such  a manner  that  a cortoln  portion  of  it  is  transmitted  over  deep  ocoan 
patlia  wltliout  suffering  losses  at  either  tlie  surface  or  bottora.  oi.oai  regions 
along  tJie  path,  caused  by  sea^iounts,  continental  slopes,  etc.,  will  of  courae 
intercept  some  of  the  energy  and  thereby  affect  the  aliape  and  intensity  of  the 
received  signal. 

Tlie  intensity  of  tills  "clinnnellod'*  sound  decreases  only  as  the  first  power 
of  the  range,  plus  on  absorption  factor,  oince  the  absorption  in  tue  low-fre- 
quency region  is  small,  it  is  possible  to  detect  un  explosive  signal  in  the  ocean 
at  great  distances. 

><etuming  now  to  tiie  survey  of  the  ^ofar  data,  If  we  allow  for  a travel  «•<■»* 
of  1 hour  37  uiinutes  32  seconds  from  tlie  source  to  the  Point  i>ur  station,  based 
* on  an  assuned  averam  horizontal  velocity  of  4830^^  ft/sec,  and  a computed  nre 
of  4650  nautical  n^s,  the  tliae  of  tlie  first  lama  eiruption  can  be  plipoed  at 
* A Vi  luc  of  4600  ft/sec  Is  used  for  triangulation  pnrpaiw  in  che  Wri^acifio""** 

^ Sofar  Network.  A lower  value  has  been  assumed  here  since  the  oajor  portion 
of  the  travel  path  lies  in  the  northern  part  of  tlie  Pacific  wtiere  the  velocity 
at  the  sound  chamiol  axis  varies  froa  about  4810  to  4840  ft/sec. 
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0012  OvJ'f  on  lb  ibeipboiiibci*.  This  woall  l>c  0912  c:.u.  I’okyo  A ..iuq;i 

wo.  ker  signal  originated  at  1540  GOT  on  15  oepteubor,  and  there  1007  hare 
been  ru.'tbllngs  prior  to  this  tliat  were  too  weak  to  i^e  detected  at  the  dis- 
tant Jofar  stations#  Hie  aiajor  activity#  as  far  as  detection  at  the  aotar 
stations  was  concerned#  ended  on  26  September  idLth  a large  eruption  at  0334 
GOT. 

Figure  1 is  a plot  of  the  approximate  signal  intensity  at  tlie  Point  6iir 
station  ns  a function  of  the  ti^  the  signals  were  iroceived*  The  intensity 
Scale  used  here  is  a qualitative  and  rattier  crude  one  based  simply  on  a visual 
ostJjiuite  of  tlie  signal- te-noise  ratio,  i.  value  of  1 indicates  a signol-te* 
noise  ratio  Of  less  than  10  db#  2 indicates  the  ratio  was  estimated  to  be  10- 
80  db)  3 20-40  db#  4 30-40  db#  and  5 represents  a sigual-to-noise  ratio 
greater  than  40  db.  .tltliougli  only  66  lines  are  slioim  on  figure  1#  well  over 
400  slgmds  vrerc  received  at  the  stations#  since  numy  of  the  points  shown  on 
the  figure  imlioate  a series  of  frcoi  2 to  50  signals  occurring  during  inter- 
vals as  long  as  90  minutes*  only  those  signals  are  siiown  tiiat  could  be 
identified  on  the  records  at  both  tiie  Point  Jar  and.  Point  .Lrenr  stations* 

A fairl}’’  complete  Mstory  of  the  volcanic  activity  con  be  obtained  from 
Fl;.ure  I*  Hie  activity  probably  began  i/ith  some  small  eruptions#  only 
one  of  wiiich#  on  15  JeptemLer#  was  strong  enough  to  be  detected  at  tiie  oofar 
stations*  The  16th  saw  the  outbreak  of  tSio  major  eruptions  and  inis  followed 
by  ;b  quiet  Interval  on  the  . loming  of  the  17th.  beginning  about  1200  GOT#  17 
September#  there  occurred  a 12-hour  pex*lod  of  rather  heavy  aotivity  wiiioli  in 
turn  ivas  followed  by  a. out  9-UD  hours  of  quiet.  This  interlude  was  breken 
by  a series  of  tremendous  explosions  wiiich  initiated  a 23-4iodr  period  during 
which  the  volcano  lAis  in  almost  continuous  eruption.  The  signals  received 
during  the  periods  0950-1015  and  1225-1350  OOT  on  tlie  18th  i^re  tiie  ones 
tliat  first  eaui^t  our  attention  and  are  shoivui  on  Figures  2 and  3*  The  cos- 
binatlon  of  higli  intensity  and  long  duration  makes  those  signals  totally  un- 
like any  ever  received  before  at  the  Sofer  stations. 

/>ftcr  a relatively  quiet  15-hour  period#  there  followed  an  inter/Al 
of  aliAo.st  equal  length  during  which  there  were  many  large  eruptions*  egln- 
ning  on  tlie  2l8t  the  explosions#  although  still  large#  began  to  be  less  fre- 
quent# end  finally#  after  a 48-hour  period  during  which  only  four  enqitioiis 
oodujrx^d#  the  oiajor  activity  ended  witli  a large  explosion.  It  Is  quite 
possible#  of  course#  tliat  tliere  was  some  minor  activity  on  succeeding  days* 
ho  more  signals  were  detected#  however#  until  2 October  when  uowterate  sisod 
signals  were  received  at  1245  GoT  and  1921  OCT.  No  activity  vras  evident 
after  2 Ootober, 

From  the  stondpoinc  of  total  energy,  tlie  signal  starting  at  1250  OCT,  18 
Joptetober  (see  Figure  5)#  and  lasting  for  33  minutes  is  the  largest  evor 
received  at  a Pacific  Nofar  station.  Hie  peak  souni  level  of  tlie  sigi^  was 

13  db  above  1 mlcrobar#  and#  although  signals  of  higher  sound  level  have  hwn 
received#  none  have  ever  approached  this  one  in  duration.  Hough  computations 
lidicato  that  the  sound  energy  In  the  20-500  cps  frequency  band  released  to 
the  water  during  this  Interval  was  of  tlie  order  of  at  least  10^^  ergs. 

^ the  basis  of  the  data  sliown  on  Figure  1#  the  eruption  which  apparently 
destroyed  the  Kaiyo  Maru  took  place  at  0320  OCT  on  the  24th.  This  would  be 
1220  p.u.  Tokyo  time#  and  tlius  bears  out  Or*  6uda*s  belief  as  to  wiion  the 
catastrophe  occurred*  Hiis  eruption  did  not  produce  an  unuanany 
acoustic  signal  (intensity  3 on  tlie  scale  used  here)#  but  the  &iyo  Mam 
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was  evidently  ver/  olosc  to  the  volcano  i.t  clio  tlnu!  cf  tlie  ex’jlosion.  ti  ccni- 
iaunication  from  Di-.  i>ict*,  ivlio  is  in  Japan  at  the  tiiae  of  tiiia  ;n*iting,  states 
that  voloanic  rock  was  found  embedded  in  some  of  the  piarfes  of  the  Ksiyo  Mara 
which  were  later  recovered,  olnce  this  explosion  had  been  preceded  by  a period 
®f  several  hours  duaring  which  no  explosions  occurred,  it  was  probably  thou^t 
Safe  to  make  a close  approach  to  the  Volcano. 

According  to  Life  i^lagacino  of  13  October,  the  new  islet  was  100  feet 
above  water,  500  feet  long  and  350  wide  on  18  September,  and  was  pouring 
molten  rock  Into  the  sea  around  it.  Life  further  stated  that  the  volcanic 
peak  apparently  blew  into  bits  and  subsided  bade  Into  the  sea  on  23  September, 
and  it  was  iiqplied  that  the  Kaiyo  ilaru  had  been  sut^  on  this  date  by  one  of 
the  last  explosioQs  of  the  volcano.  The  evidence  froa  the  sofar  data  is  that 
die  disaster  occurred  on  24  September,  Tokyo  tine  (still  the  23  rd  In  tlie  U.S.), 
and  the  volcano  was  certainly  active  on  the  25tb  aik  26th  of  Septendier. 

The  success  of  tlie  Sofar  stations  la  getting  as  complete  a record  of  the 
life  of  the  volcano  os  that  shown  on  Figuro  1 loads  naturally  to  speculation 
as  to  how  useful  such  installations  luay  be  for  detecting  similar  activity  In 
tlie  future.  Certainly  the  signals  sliown  on  Figux«  2 ami  3 are  very 
and  distinctive,  end  if  similar  sigucls  are  ever  received  again,  it  ml^t 
reasonably  be  supposed  tliat  a marine  volcano  is  in  enqption  sometdiere  witiiin 
the  lliults  of  reception  of  the  station.  If  three  stations  received  tlie  signals 
tlie  location  of  the  source  could  of  course  be  dotenained. 

Mahy  of  tlie  signals  received  from  the  Myojln  volcano,  however,  were  not  so 
(different  from  somo  other  types  of  signals  as  to  be  readily  recognisable.  T»pbaaee 
from  eartiiquakes,  for  example,  have  features  in  coonon  with  some  of  die  signals 
received  from  Myojin,  and  some  of  tho  weaker  {‘iyojin  signols  rescsibled  dofar 
signals  orlginatii^  in  the  high  northern  latitudes.  The  Kaneohe  stetion  fre> 
quontly  receives  signals  vexy  similar  to  some  of  the  l(yojin  ones,  but  the  souroes 
of  them  are  still  undetenilned  slnoe  it  has  not  been  possible  to  correlate  than 
with  any  reported  seismic  or  e:qilosive  disturbonoes.  It  may  be,  however,  that 
tiiey  are  associated  with  underground  or  undersea  rutdilings  in  the 
Island  region. 

It  is  also  worth  noting  in  this  rogard  that  it  was  not  pessiLOe  to  correlate 
^ signals  at  Kaneohe  with  known  eruptions  of  the  ijaa  Lenedicto  T«inn4  voleano 
(see  Life  Magazine,  29  September  1952,  p.  37,  w Time  Mogaalne,  29  September  1952 
p.  70),  for  pictorial  stories  of  tills  event).  Many  were 

received  at  tho  Kaneohe  station  duxdng  tho  period  of  eruption,  -ind  some  of  these 
may  have  b^en  caused  by  the  volcano.  Yet,  m tho  very  few  ooeasions  whMi 
eruption  times  were  known,  no  signals  imre  discamlble.  The  observed  eruptions 
may  not  have  put  sufficient  energy  into  the  soa  to  be  detected  at  a distant 
Sofar  station,  or  there  may  be  a seamount  between  6an  Bensdioto  iMiitix*  »i«it 
Kaastdia  which  prevents  transmission  to  Kaneohe.  In  any  cose,  however.  It 
would  seem  prmsature  at  the  present  tine  to  use  Sofar  stations  as  tbs 
agency  of  marine  volcanic  activity  unless  signals  netrly  as  dletlxkctivs  as 
these  of  Figures  2 and  3 were  mesived.  More  infomatlon  on  the  oharacterlstics 
of  volcanic  signals,  and  how  they  differ  from  T-phises,  etc.,  seems  necessary. 
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TliE  TULiUUS  \ALLLi  Of,  ^ JULa  i^Sti 

Turning  nov  to  anothor  sclsnlc  event*  a lauch  publicized  eartliQuake  occurrad 
in  Southern  CtiUfomia  at  1152ill.S  COT*  21  July  1952.  It  has  been  referred  to 
io  the  press  as  the  foltacbapi  quake*  but  (JSC&GS  PreXimloary  Octenuination  of 
Epicenter  Card  No.  97«52  designates  it  the  Tulare  Valley  quake  and  gives  the  epi* 
oentral  location  as  35.1^*  US.d^iv.  It  was  of  magnitude  T l/Zt  and  caused  con- 
siderable property  damage  in  tlie  Kem  County  area. 

The  Sofat  Stations  at  Point  Sur  und  Kaneohe  both  received  signals  from 
tills  quake.  Tlic  Point  our  hydrophones  are  located  320  kilometers  from  the 
epicenter  and  the  signal  vras  reoeivod  at  1152:58.7.  oince  no  water  path  is  in- 
volved liore*  tills  gives  a travel  velocity  through  the  earth  of  b.S6  kn/soc.  whi^ 
amos  imll  with  tlie  value  of  about  6.5  kiVsec.  given  by  h.  Gutenberg  for  velocities 
ox  longitudinal  imves  in  Southern  California  at  a deptli  of  about  6 kilometers.'^ 

The  Signal  recorded  by  tlie  iiydrophone  at  Point  our  at  a depth  of  400  fathoms  is 
shown  in  Figure  4.  It  has  a peak  sound  level  of  -14  db  vs  1 luicrobar. 

Tlie  signal  received  at  Kaneohe*  a total  distance  of  4P'59  kilometers  from  the 
opicenter*  is  shoim  in  Figure  5.  It  reached  a peak  sound  level  of  *19  db  vs  1 
iilcrobcr  and  was  judged  go  be  first  discernible  above  background  noise  at  I236i01«2 
OCT.  Using  this  as  tiie  tlms  of  arrival*  a aiean  velocity  of  4855  ft/sec.*  which 
unpublished  work  here  In^oate*  is  the  best  value  for  deep-soimd-cliannel  transmis- 
sion in  the  jaid-latitcde  regions  of  the  Paoific*  and  a velocity  of  6.86  km/soc  for 
the  land  path*  results  in  a calculated  land  path  of  213  kilometers*  This  takes  ns 
to  the  region  of  tlte  400-fathou  oontour  on  the  great  circle  paldi  frem  the  epioeoter 
to  Kaneohe*  and  indic<itos*  as  was  suggested  by  Tolstoy  and  iiiwing^*  that  the  sound 
energy  is  coupled  into  the  ocean  along  the  continental  slope.  The  signal  rscsived 
at  Kaneohe  is*  of  course*  .a  T*pbaSo*  discussions  of  vliich  liave  been  given  by 
and  others**®#^. 

The  signal  received  at  Point  our  was  not  noticed  by  the  station  operator  at 
the  time.  This  con  be  taken  to  mean  either  tliat  it  sounded  little  different 
from  seme  of  the  other  anomalous  noises  received  at  such  stations*  or  that  the  sig- 
nal energy  i/as  primarily  In  the  frequency  region  below  GO  cycles  per  second  and 
'..as  therefore  n t reproduced  by  the  loudspeaker  system.  The  signal  reoeived  nt 

1*  , B.  Gutenberg*  Vaves  #roiu  blasts  iiecorded  in  Southern  balifomia*''  Trane.  ^ 

' -ujer*  Geopl^slool  Union*  Vol  33*  No.  3*  pp  427  June  1952, 

2.  1.  Tolstoy*  and  ^:iwing*  "The  T-Pliaso  of  Oiialloif-PoCus  Errtbqaakes,*  Bull. 

■ Geiamological  doc.  ii^er.  Vol  40*  Ko.  1*  p.  25*  Jan  1950. 

3.  rjwidg*  F.  Press*  and  J.  L.  ..erzol*  "Further  dtudy  of  the  T-Phase*"  Bull. 
dei».>ologloal  doc.  .buer.  Vol  42*  No.  1*  p 37*  Jan  1952. 

4.  JL.  D.  Leet*  0.  LlnohaQ)  and  P.  Uerger*  "Investigation  of  tlie  I-Pliase,"  Bull. 
deiAMlogicol  doc.  y'biier.  Vol  41*  No.  1*  p 123*  Jan  1951. 
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Kaneohe  \iras  noticed  by  the  station,  operator,  and  Figure  5 shoiirs  that  lie  ror- 
corded  at  tiie  time  tliat  it  ims  inaudible.  Tiiis  is  good  evidence  tliat  the  signal 
energy  lay  in  the  low-audio,  or  perhaps  upper  sub-audio,  frequency  region,  iibiall 
T-phase  signals  arc  frequently  inaudild.e  on  the  station  loudspeiJeers,  and  this 
may  provide  a distlnguisliing  feature  between  small  I-phases  and  siaall  signals 
from  eruptions  of  marine  volcanos. 

The  location  of  tliis  earthquake,  the  ratio  of  land-to-vater  velocity,  and 
the  oonfigumtion  of  the  ifost  coast  all  combine  to  provide  an  interesti^  feature 
in  regard  to  the  signal  received  at  Kaneohe.  Utasrgy  could  have  travelled  from  the 
oplconter  to  points  along  tiie  i<rest  coast  from  Point  Conception  to  Cape  Mendocino, 
and  tiiionee  been  reradiated  so  as  to  arrive  at  the  Kaneohe  station  wiiMn  a total 
interval  of  less  than  30  seconds.  For  example,  the  total  travel  time  al<»g  the 
path  from  the  epicenter  to  Point  Conception  to  Kaneohe  is  2636  seoends,  that  froa 
the  epicenter  to  Coke  Mendocino  to  Kaneohe  is  2625  see<Hids,  and  that  from  the  epi- 
center to  Point  Arena  to  Kaneohe  is  2613  seconds,  'niiis,  to  a receiver  located  at 
Kaneohe,  this  entire  800  kilometer  stretch  of  the  vest  coast  would  seem  to  be  the 
source.  Hod  it  not  been  for  this  oircuostauco,  a notch  v/eaker  signal  might  hove 
been  received  at  Kaneohe. 

f^hether  or  not  a signal  was  received  at  the  Point  /urona  station  Is  soawivfaat 
uncertain.  The  liydrophones  are  located  618  kilometers  from  the  epicenter  so,  on 
the  basis  of  a 6.86  kuv/scc^ltnd  velocity,  the  signal  should  have  arrived  at 
llS3t4I«6«  A saall  signal,  see  Figure.  6,  was  received  1 min.  2 secs,  earlier, 
and  <t  inav  be  tliat  art  error  of  1 minute  was  made  by  the  station  operator  in  logging 
the  time  on  the  data  sheets.  .:»'uoh  eivors,  although  rare,  have  been  known  to  ooenr. 
On  tSie  crtiior  hand,  th»  eignal  diown  on  Figucre  6 may  liave  been  caused  by  an  anomalous 
burst  of  noise  of  different  origin. 

Several  aftershocks  of  this  earthquake  ranging  in  magnitude  from  $ to  6^  were 
reeoaxled  by  selsmologleol  stations,  but  an  Inspec^on  of  the  Sofar  records  reveal- 
ed no  dleor-cot  slgn^  from  any  of  these  aftershodu.  Certainly  no  signals  were 
received  from  shocks  of  magnitude  6 or  less,  and  in  the  case  of  the  two  stiocks  of 
magnitude  (0708t45  OCT  29  July  and  1209:06  OCT  31  July),  no  signals  were  rsoeiw- 
ed  at  Point  Arena  or  Kaneohe,  while  at  Point  bar  equipment  dlffic^tioB  were  being 
experienced  at  tlie  time  of  the  first  of  these  shodu,  and  only  the  faintest  iniifte- 
tion  of  a signal  was  discomlbls  at  the  predicted  ti^  of  arrival  of  a signal  from 
the  second  shook.  It  is  not  at  all  unlikely  tiiat  tills  latter  "signal"  was  merely 
a maall  nolso  burst  that  liapponed  to  occur  near  the  predictod  8igDal.-arrlval  tine. 

Considering  the  level  of  the  signals  received  at  Point  Sur  and  Kaneohe  from 
the  main  qnnke.  Figures  4 and  5,  it  is  not  sorptlslng  that  signals  from  aftershodu 
vmre  not  detected,  since  a one  unit  decrease  in  earthquake  magnitude  signifies  a 
63*fold  decrease  in  energy^.  This  yrauld  result  in  the  signal  from  a magnitude  6^ 
aftershock  being  18  db  lower  than  that  of  the  magnitude  Tf  main  sliook.  hYen  a 
slight  increase  in  the  background  noise  could  prevent  such  a signal  teing  detected* 


5 Principles  Upderlyiy  tlie  Interpretation  of  iSeismoeraiM  by  F.  Ketaaan, 
U.ti.  Coast  o Oooaotlc  Survey  special  PuulIiMtion  No.  254,  p 33  (1951)  • 
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nio  EARIHQUiVKE  OFF  THE  COi\ST  0?  ORliSON  OH  20  AUGUST  1952 

Tlic  final  seiSiUic  ersat  to  bo  discussed  here  is  included  primarily  for  com- 
parison with  the  signal  of  Figure  5<  The  signal  shoim  at  tiic  top  of  Figure  7 was 
received  at  the  Kaneohe  :>ofar  dtation  frau  a nugnitude  earthqujilce  occurring 
at  43<’N,  127®'..'  at  1524:59  COT  20  .lugust  1952°.  This  location  is  off  tJie  coast  of 
uregon>  3C19  kilometers  frun  Kaneotic^  and  sauc  350  kilometers  nortli  of  the  Men- 
docino esciirpiaent.  It  is  oovious  frati  Figures  5 and  7 that,  although  the  roagnl- 
tudes  of  the  initial  disturbances  were  coaiparable,  a far  greater  amount  of  energy 
was  coupled  into  the  water  from  the  eartliquakc  of  20  <iUf4USt  tlion  from  tliat  of 
21  July.  From  the  staivipoint  of  the  coubination  of  peak  sound  level  and  duration 
(14  db  vs  one  '.dcrobar  and  11^  minutes),  the  signal  on  Figure  7 is  the  largest 
T-phase  ever  recorded  at  a Pacific  Sofar  station. 

Tlie  total  travel  time  to  the  beginning  of  the  signal  of  Figure  7 is  2451 
seconds,  iind  tho  range  from  the  epicenter  to  Kaneohe  is  3619  Kilometers.  Tliis 
gives  an  average  velocity  of  1.477  kni/scc  (4846  ft/sec),  and  Indicates  tliat  the 
major  portion  of  the  energy  entered  the  water  at  the  site  of  the  quake  \fithoiit 
first  travelling  through  a horizontal  land  path  and  thus  suffering  considerable 
attenuation,  duch  a situation  is  quite  possible,  since,  according  to  hydrograpliic 
Office  Chart  No  5486,  the  epicenter  is  beneath  a bread  sloping  plateau  which 
constitutes  part  of  the  continental  slope.  Tills  plateau  drops  gently  in  a west- 
vrard  direction  fran  1400  fatiioms  to  the  deep  ^ean  floor,  and  ouLainates  to  the 
south  at  the  edge  of  tiic  Mendocino  cscarpi'.ient'.  i:lnergy  from  a sliallow-focus  earth- 
quake could  tlius  have  been  radiated  as  acoustic  energy  in  the  oceiin  in  the  vicinity 
of  tlie  site.  Had  the  quake  occurred  bcueatii  a flat  ocean  bottom,  hOK/eyer,  it  is 
unlikely  tliat  much  energy  would  have  been  propagated  tlirough  the  ocean®. 

No  signal  i^s  received  at  the  Point  dur  station  because  the  site  of  the  quake 
was  outside  the  arc  of  reception  of  tlic  station.  A signal  was  received  at  the 
Point  /iTcna  station,  however,  raid  is  shoum  on  Figure  8.  (The  bl^ink  spaces  in  the 
signal  channels  on  the  riglit-liand  side  of  this  figure  were  caused  by  a teiiqiorary 
flaw  in  the  recording  apparatus.)  Tlic  peak  sound  level  was  -16  db  vs  1 microbar, 
and  the  arrival  time  was  t^ilcen  to  bo  1530:49.6  CcT.  oince  the  range  from  tiie  site 
of  the  quake  to  tlie  station  is  522  kilometers,  this  gives  an  average  velocity  of 
1.489  loVsec,  or  4vS85  ft/scc,  indicating  again  tliat  tlie  total  travel  was  by  means 
of  the  water  path. 

Tlie  loifcr  sound  level  of  the  signal  at  I'oint  Arena  compared  to  tliat  at  Kaneohe 
can  be  accounted  for  by  the  nature  of  the  respective  travel  paths  involved.  The 
sound  energy  travelled  to  Kaneolie  by  an  entirely  deep  water  path,  greater  than  1700 
fathoms  all  the  way.  The  onergy  i^s  tlius  propagated  with  an  a'verage  horliontal 
velocity  characteristic  of  deep  sound  channel  transmission,  and  ivithout  suffering 
much  from  losses  due  to  bottom  reflections.  The  route  to  Point  iurena  If  a dif- 
ferent matter,  however.  Approximately  the  first  two-thirds  of  the  patli  is  over  an 
almost  flat  bottom  with  the  water  deptli  averaging  about  1600-fatliams.  The  bettan 

6.  PraliuilDary  Oetemilnation  of  Epicenter  Card  No.  111-52,  21  Xug  19^2.  ' ~ 

7.  H.  .'tenard  and  U.  8.  Dietz,  "Mendocino  dubmarine  i^scarpment, " Jour,  of 

Geology,  Vol  60,  No.  3,  p.  266,  May  1952. 

8.  Frank  Pres8«  Maurice  Ewing,  and  Ivan  Tolstoy,  "The  iilry  Phase  of  dhallow-Focus 

Submarine  Earthquake*,"  Bull,  delsmologlcol  doc.  Aiitor.,  Vol  40,  p.lU,  1950. 
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then  rises  at  the  siiorex«ird  end  of  tkc  escarisaent,  aud  tuc  reiuainder  of  tlie  path 
consists  of  a slanti/iso  traverse  up  the  continental  slope.  Tlie  flatness 

of  the  bottom  in  the  direction  totrard  Point  ..rena  would  not  be  conducive  to  coup- 
ling energy  into  the  ocean,  and  wliat  energy  \nxs  tnaisi.dtted  toward  Point  /o^na 
would  suffer  from  bottom  reflections  while  crossing  the  continental  slope.  The 
effect  of  a sloping  bottau  on  the  duration  and  intensity  of  Sofar  signals  trans- 
mitted in  tlie  deep  sound  channel  has  been  discussed  in  detail  elsewhere^. 

The  great  variation  slioim  here  in  the  duration  and  intensity  of  T-phases 
recorded  at  Sofar  stations  from  comparable  oartliquakcs  makes  it  clear  tliat  such 
signals  cannot  be  used  at  present  to  give  a reliable  estimate  of  earthquake 
magnitude.  The  duration  and  intensity  of  the  T-pliases  depend  marisedly  on  the 
location  of  tlie  eartliquake,  and  on  the  nature  of  the  travel  path  to  the  receiver; 
much  more  so  apparently  than  on  the  magnitude  of  the  quake. 


9.  T.  P.  Condron,  "The  Effect  of  Sound  Channel  structure  and  Bottom  Topograpliy 
<»  Sofar  Sign^s,  ” USNCL  lleport  No.  233,  19  April  1951. 
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^e/ar^-Jye  /?e/a//y'€  Zn^€/Ts/yy 


A/umJ>*rs  akot^t  //nts  /H-Z/ca^h.  o'* 

duf'/>ff  whuA  Si'y/ra/s 

y X ” J/^A-a/  -ff-Ofn  Z^Uf^Hon  ; 

i 


Gcr,  Szpt /esz 


GCr,  Sept  /952 
f^SJTY  KA A^^/YAL  T/M, 


/ff>y/C£it€.  ixpp/^  ox/mate  ^ M /7?//;utes^  of 

i/k/c^  Sivzya./  Si'yna/j  fvere  ytct/n'ea^. 

ft  zrupHon  /o  tave  surzA  Xj./yo  A^AzZru 


Figure  2.  R.^COKD  AT  FOI?!?  SUE  SOFAR  STATICW  DURIMG  08J3-1241  GCT,18  Sept  5 

. First  intensity  5 signals  received  ar'.>  those  shown  near  the  cen 

Henofl  01  most  intense  activity  begins  near  the  bottom. 


Figure  3.  RECORD  AT  POINT  SUR  SOFAR  STAHON  DURINC  1242-1648  GOT,  18  Sept  1952 
Period  of  most  intense  activity  shown  at  top. 


Figure  5.  SIGVAL  RECEIVED  AT  KANEOHE  FROM  TULARE  VALIEY  EARTHCUAHE 

OF  21  JULY  1952 


Figure  7.  SIGNAL  RECEIVED  AT  KANEOHI  FROM  EARTHQUAKE  OFF  OREGON 

ON  20  AUGUST  1952 


